Desalination of seawater is becoming an important means to address the increasing scarcity of freshwater resources in the world. Seawater has been used as drinking water in the health, food, and medical fields and various beneficial effects have been suggested, although not confirmed. Given the presence of 63 minerals and trace elements in drinking desalinated seawater (63 DSW), we evaluated their effects on the behavior of tumorigenic and nontumorigenic cells through the 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyl tetrazolium bromide assay and annexin-V-fluorescein isothiocyanate/propidium iodide staining. Our results showed that cell viability and proliferation in the presence of 63 DSW were significantly greater than in mineral water and in the presence of fetal bovine serum in a dose-dependent manner.
In the health food and medical fields, dSW has been used as drinking water, and various beneficial effects have been suggested, although not scientifically confirmed. In particular, differences between surface and deep seawater were described, with potential application in the prevention of lifestyle-related disorders (Miyamura et al. ) .
Other studies have described the benefits and therapeutic properties of dSW in the treatment of patients with several conditions, such as metastasis (Soyoung et al. The aim of this study was to investigate the toxicity effects of drinking desalinated seawater with 63 minerals (63 DSW) and trace elements, on cellular viability, proliferation, and apoptosis incidence in murine embryonic fibroblast, murine melanoma, and non-adherent human cells.
METHODS

DSW
Drinking desalinated seawater 63 Water Vital Minerals ® (63 DSW), which was provided by Ocean Par, Co., Ltd (São Paulo, SP, Brazil), was collected in the Atlantic Ocean (depth: 30 m) near the coast of Bertioga, SP, Brazil. The seawater was subjected to RO by which salt and impurities were removed and 63 elements of DSW remained, including major (B, Ca, Fe, K, Mg, Na, and S) and trace elements (e.g., Cu, Zn, and others). Bottled mineral water (MW), purchased at a local market, was used as a control. The main mineral components of drinking seawater are shown in Table 1 . in 25 cm 2 culture flasks at 37 W C in a humidified atmosphere with 5% CO 2 .
Cell line and culture conditions
Cytotoxicity assay
Cell viability and proliferative assay were measured by Trypan blue exclusion method and reduction of In the cell proliferation assay, 1 × 10 4 cell/well obtained from NIH-3T3 and B16-F10 lines were cultured in RPMI-MW or RPMI-63 DSW with and without 10% FBS during 48 h at 37 W C. The MTT solution (20 μL) was added to each well and the cells were incubated for 2 h at 37 W C.
The yellow tetrazolium salt was reduced to the dark-colored formazan by the viable cells. After the supernatant was removed, the formazan crystals were dissolved in isopropyl alcohol (100 μL) and the solution optical density (OD) was measured (λ ¼ 570 nm) in an automated enzyme-linked immunosorbent assay reader (Beckman-Coulter Co., USA).
The experiments were performed in triplicate to confirm the accuracy of the results.
Apoptosis assay
In order to determine the effect of 63 DSW on cell viability, we tested non-adherent cells (human acute monocytic leuke- These experiments were independently repeated at least three times.
Statistical analysis
Differences between groups were analyzed using the twosided t test and analysis of variance. All data were reported as mean ± standard deviation and p < 0.05 was considered statistically significant by the Graph Pad (Prism V. 4.00 for
Windows) software.
RESULTS
The viability rates of murine embryonic fibroblast NIH-3T3 cells cultured in the presence of RPMI-MW or RPMI-63 DSW with 10% FBS were similar. The viability rates decreased in the presence of 63 DSW or MW, but were significantly higher in the presence of 63 DSW as compared to MW (Figure 1 ). As the 63 DSW or MW is not an appropriate medium for culture cells, the addition of FBS was a strategy to maintain the cells in culture during 48 h at 37 W C without the presence of RPMI. Therefore, the viability rates of murine embryonic fibroblast NIH-3T3 cells with 63 DSW were improved in the presence of FBS in a dose-dependent manner.
In the proliferation assay, a monolayer of NIH-3T3 cells was obtained after 48 h of incubation in RPMI medium prepared with MW and 63 DSW. The results showed that the proliferation rates of cells in the presence of RPMI-63 DSW were significantly higher than those in RPMI-MW with or without 10% FBS ( Figure 2 ).
We also investigated the proliferative response of B16-F10 cells murine melanoma tumor cultured with RPMI-MW and RPMI-63 DSW supplemented with 10% FBS and compared to murine embryonic fibroblast NIH-3T3 cells.
No difference was found in the presence of RPMI-MW supplemented with 10% FBS, but in the presence of RPMI-63 DSW with 10% FBS we observed the anti-proliferative effect in murine tumor B16-F10 cells when compared to murine embryonic fibroblast NIH-3T3 cells (Figure 3 ). 
DISCUSSION
Desalination of sea and brackish water is widely practiced and is rapidly growing as the principal source of new freshwater in the world; however, the potential health effects of DSW consumption have not been fully investigated.
A variety of trace elements and minerals play an important role in body metabolism and are found in small amounts in most water sources (WHO ). In the cell proliferation assay, the index of cells in the presence of RPMI-63 DSW was higher than in RPMI-MW, Our results showed that the proliferation index of murine melanoma (B16-F10) cells was lower than that of murine embryonic fibroblast (NIH-3T3) cells in the presence of 63 DSW (Figure 3) . We can suggest that the antitumor activity of 63 DSW may be derived from the combined ionic action of several minerals, such as calcium, magnesium, and potassium and trace elements in 63 DSW.
Magnesium deficiency is also known to be associated with the advancement of malignancy and metastasis and is frequently observed in patients with tumors (Kohli et al.
).
In 
